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PREFACE 



Calixto Machado and D. Alan Shewmon* 



Since ancient times, Christians and Hebrews considered breath or ruach as the 
hallmark of life. Greeks believed that heartbeat delimited the frontier between life and 
death. Therefore, over the centuries people were deemed dead when they stopped 
breathing and their hearts stopped beating. The great pandemic disasters and the need for 
early burial prompted a worldwide fear of being buried alive. Winslow, in 1740, 
emphasized that putrefaction was the only sure sign of death. Nevertheless, the invention 
of the stethoscope in the middle of the 19th century enabled physicians to detect weak 
heartbeat and restricted respirations, raising their competence. This partially alleviated 
public fears of premature burial. 

The remarkable technological advances of the 20th century radically changed the 
course of medicine, especially intensive care. The development of effective mechanical 
ventilators and cardiopulmonary resuscitation (“reanimation”) compelled physicians in 
the late 1950s to grapple with a condition impossible even to imagine previously: one in 
which the brain is massively damaged and nonfunctional while other organs remain 
functioning. Is such a patient alive or dead? 

This state was documented by French neurologists and neurophysiologists at the end 
of the 1950s. The end of the 1960s witnessed the next major milestone, with the Report 
of the Ad Hoc Committee of the Harvard Medical School. These years marked a turning 
point when brain-oriented definitions of death started to be formulated, and brain death 
(BD) was gradually accepted as death of the individual. 

Nonetheless, there are still worldwide controversies over the very concept of human 
death and the putative neurological grounds for diagnosing it (whole brain, brain stem, 
and higher brain formulations of death). There are also disagreements over the diagnostic 
criteria of BD, whether clinical alone, or clinical plus ancillary tests. Moreover, a group 
of scholars who were strong defenders of a brain-based standard of death are now 
favoring a circulatory-respiratory view. Hence, the debates on human death are far from 
concluded. 
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The sunny city of Havana has become the capital for discussions on human death for 
more than a decade. The First International Symposium on Brain Death was held in 1992, 
and the clear consensus among delegates was that the subject of human death was far 
from over. Delegates from all continents reconvened for the Second International 
Symposium on Brain Death in 1996 and the Third International Symposium on Coma 
and Death in 2000. These were remarkable conferences, attended by the most outstanding 
personalities in the field from multiple disciplines. 

At the beginning of the new millennium, Havana will once again welcome 
colleagues from around the globe to hold the Fourth International Symposium on Coma 
and Death (March 9-12, 2004). This book is a selection of lectures from authors who are 
prominent scholars in this area. We hope it will serve as a valuable source of knowledge 
for present and future generations. The motivation to ever deepen our knowledge about 
human death (and life) is a matter of human dignity. 
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BRAIN DEATH 
Updating a valid concept for 2004 



* 

Julius Korein and Calixto Machado 



1. INTRODUCTION 

Various investigators have presented criticisms about the concept of brain death . 1 ' 8 
We propose that for medical purposes the fundamental biological neurocentric definition 
of death of the human being is valid based on the irreversible cessation of operation of 
the critical system of the brain. This concept of death itself requires a paradigm shift and 
modification dictated by our current understanding of living systems, new observations, 
and further experience in applications of the diagnosis of death. However, the criterion 
and tests previously used to diagnose death as essentially brain death are for practical 
purposes unchanged. The relationships among “life,” “death,” “brain death,” and 
irreversible intrinsic cessation of function of the “critical system of the brain” during the 
human life cycle will be detailed. The significance of the many aspects of consciousness 
will be stressed, and applied to the problems of persistent vegetative states and 
anencephaly. 



2. THE BIOLOGY, CHEMISTRY, AND PHYSICS OF LIFE AND DEATH 

Our fundamental concepts of life and death must be updated. The biology, chemistry 
and physics of living systems can now be considered in terms of biochemical evolution of 
organized open systems that tend to increase their complexity and stability at the expense 
of their environment. Such systems are far from equilibrium, and minimize the 
production of entropy (disorganization ). 9 ' 17 These auto-catalytic (self-sustaining) systems 
can only emerge spontaneously by means of phase transitions of molecular components 
in an environment rich in excess energy such as that produced by solar radiation or 
geothermal vents. Additionally these systems must have access to further molecular 
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components that are required for the manufacture of its fundamental cellular mechanisms 
including metabolites, boundaries, compartments, enzymes and reproductive apparatus. 18 

Given the appropriate structural and energetic thermodynamic and kinetic conditions 
and the required chemical and temporal environment, autocatalytic self-organizing stable 
open systems must evolve. 1 Subsequently the evolution of the varieties of life forms 
occurring are limited by three factors - (1) the rules of Darwinian evolution (variation 
and selection), (2) the requirements for the spontaneous emergence of self-organizing 
systems, and (3) the intervention of unpredictable chance circumstances. 12 The evolution 
of unicellular and then multicellular living organisms has developed on earth over the last 
3.5 to 4 billion years. Mechanisms for survival of multicellular organisms have evolved 
to include hormonal, immunological, and neuronal systems among others. 

The definition of life of individual unicellular examples of these diverse systems 
include the basic functions of the metabolic and reproductive aspects of the specific 
organism that allow it to develop in a direction of decreased entropy production (i.e. 
bacteria, amoeba, or zygote). The death of the specific organism as a whole, during a 
specific phase of its life cycle, can be said to occur with irreversible cessation of the 
functions to keep entropy production at a minimum. 9 

A virus, therefore, in its crystalline state is not considered to be alive, since prior to 
invading a host cell it has neither metabolic nor reproductive function. In this dormant 
state it only has potential for decreasing its entropy (increasing its organization). After 
contact and entry into the host cell, its status is open to debate. 

With the advent of multicellular organisms the life of the organism as a whole can no 
longer be defined in terms of cellular function alone. Rather the state of functions of 
organ systems as they contribute to the overall drive towards decreasing entropy 
production must be assessed (i.e. hydra, termite, shark, chimpanzee). In many vertebrates 
of which man is the relevant species, and in highly developed cephalopods such as squid 
and octopuses, the central nervous system, more specifically the brain occupies the status 
of being the critical system of the organism. The irreplaceable functioning brain, 
specifically and especially in an individual adult member of the species Homo sapiens 
overwhelmingly defines the behavior of the system-as-a-whole towards decreasing 
entropy production. Naturally, the concept of critical system cannot be applied to all 
stages (or phases) of development. During the zygote or embryonic stages no functioning 
brain exists and a critical system, as such, cannot be identified. During the mid-fetal stage 
of the human organism the onset of structure and function of the incipient brain can be 
distinguished. In contrast plants have no nervous system at any stage of development and 
there may not be a single system component that can be targeted as the critical system. 

An essential assumption that must be made in defining the life and death of the 
human organism in a specified stage is that the terms “life” and “death” represents 
immutable states or processes that can be studied, described and modeled. 

A process can be defined as the period during which the state changes; if the period 
is relatively short enough the process can be considered as an event. Gradual or sigmoidal 
(S-shaped) processes approach a step-function that can be considered an event (Figure 
l). 12 The problems of life and death are intrinsically biological in nature. Further 
consequence of this biological orientation of life and death is that they are independent of 



^This evolutionary principle is derived from Quantum Theory and Quantum Computing as described in 
references 64, 65 and 66. 
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Figure 1. This S-shaped or sigmoidal curve represents a phase transition. As the ratio of threads (edges) to 
buttons (nodes) in a random graph passes 0.5, the size of the connected cluster slowly increases until it reaches 
a phase transition. (From Stuart Kauffman: At Home in the Universe, copyright- 1996 by Stuart Kauffman. Used 
by permission of Oxford University Press, Inc.). 



culture and religion. Life and death are objective states that cannot be altered or contrived 
within the defined parameters. 19 ' 21 



3. THE CRITICAL SYSTEM OF THE BRAIN IN HOMO SAPIENS 

The brain is the critical system of the human organism from its incipient 
developmental onset in the 20 to the 28-week old fetus. During its subsequent stages of 
normal maturation the brain continues to be the critical system with ever increasing 
ability to operate on and control the behavior of the organism as a whole. The functions 
of the brain are to receive, process, and store, information about the internal and external 
environment; then to select and deliver output patterns based on this information and the 
goal oriented mechanisms that have also been evolved and learned. These output patterns 
direct the system as a whole towards behavior that will increase survival of the individual 
and the species Thus; information is utilized to develop models of the state of the 
organism and the environment, along with multiple paths (plans) of goal-oriented 
behavior. Finally, decision-making processes occurring within the brain result in 
behavioral output patterns that tend to increase the organism’s own organization. These 
processes are produced by means of parallel, distributed, neuronal feed back control 
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networks. These networks are formed by connections among basic vertical cortical 
columnar units connecting to subcortical systems. Their function is ultimately to choose 
the most appropriate output and behavior available to the organism and its species 
enabling it to survive. 9,21 ' 23 

In organisms with such brains, hierarchical mechanisms have been developed to 
perform unconscious and conscious modes of information processing. Different 
components of consciousness have been identified. We can distinguish among them, 
arousal, alerting, sleep-wake cycles, a variety of attentional states, and awareness. 
Although these states ,are often interdependent they can be separated. For example, in 
patients with blindsight we may see lack of awareness of visual input but persistence of 
the ability to locate (by pointing) or characterize (the color of) an object. Many clinical 
and experimental studies have verified that different attentional systems exist both 
functionally and anatomically. This is exemplified by one intentional system for 
processing visual information for action without awareness, and another attentional 
system for processing information for visual perception with awareness. Conscious 
awareness requires multiple, parallel, interconnections and feedback among sensory 
inputs, memory mechanisms, goal orientation, and output paths that function as unified 
entity by means of binding mechanisms. This “binding” allows focus of consciousness 
and is essential for awareness by means of which the brain produces such high order of 
information processing and selection of behavior. As a result of these characteristics the 
brain becomes the critical system of the phase of the organism in which it is 
operational. 9,21-45 

In “man” specifically, further development of the brain has resulted in self- 
awareness (self-consciousness), and a highly developed method of symbolic operation 
and transmission of information. This symbolic form of information is also used for 
interpersonal communication and more complex environmental modeling by means of 
language, logic, and mathematics. These additional functions (developed at later stages) 
of the critical system of the brain drives the organism as a whole still further in the 
direction of increased organization and is irreplaceable by any artifice. 9 

Modification of the “Critical System of the Organism” concept is required since we 
can further reduce the critical structure of the brain itself to the cortico-cerebral-thalamo- 
reticular complex. This “Critical System of the Brain” (CSB) complex includes the 
cerebral cortex, the basal ganglia, the thalamus, and the limbic system bilaterally, as well 
as the thalamic and brain stem reticular formations and components of the cerebellum. 
The anatomical and physiological substrate of the functions previously described requires 
the brain stem and thalamic reticular systems, the association nuclei of the thalamus and 
their connections. Binding among these functional systems occurs by means of 40 cycles 
per second oscillatory activity that has been intensively studied over the past decade. 30,34- 
48 This critical system of the brain (CSB) is the minimal irreplaceable anatomical 
substrate of those functions (such as the multiple aspects of consciousness) that are 
utilized by the organism as a whole towards behavior that will result in decreased entropy 
production. Thus, onset of its development and function signify the onset of the life of the 
organism during the stage of its earliest appearance. Irreversible cessation of intrinsic 
CSB function indicates the death of the organism in the stage during which the CSB 
exists. 9,16 
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4. STAGES AND PHASES OF THE HUMAN LIFE CYCLE 

In order to further clarify and utilize this concept, with all its ramifications we must 
consider the significance of death based on irreversible cessation of the CSB during 
different aspects of the human life cycle. We must simultaneously be aware that because 
of the virtual and practical impossibility of testing for the CSB itself we may use the 
entire brain including the brain stem as a first approximation of the CSB. 9,16,21 

The application of intrinsic irreversible function of the CSB to diagnose death 
requires us to consider the biological life cycle and the stages and phases of development 
of the human organism. The first classification is that of the mutually exclusive stages 
that have been well defined. These include the zygote formed from the gametes, through 
the preembryo, embryo, early, mid, and late fetal stages. Then from birth - to the 
newborn, neonate, infant, and stages of childhood, on through pubescence and adulthood. 

In order to more clearly differentiate the different characteristics of the 
developmental cycle of the human organism we may additionally consider the additive 
qualities of development in terms of phases. 9 

The human organism falls into a natural nested set of four phases that are inclusive 
of one another. Each phase has its specific properties as well as nested properties derived 
from the previous phase. The phases of the human species and their specific stage related 
properties starting from the most primitive are all biological concepts (Figure 2): 

4.1. Organism Phase 

This phase is characterized by cellular DNA and the living state with metabolism, 
self-maintenance, and reproduction, (i.e. the zygote; preembryo (blastula) stage). 




Figure 2. This figure shows the relationship of phases and stages within the human organism. (Modified from 
reference 9 with permission.) 



6 



J. KOREIN AND C. MACHADO 



4.2. Biological Individual Phase 

This phase is nested within the organism phase, characterized by cell differentiation 
and organ development, (i.e. the six-week-old embryo; the early fetal stage). 

4.3. Human Being Phase 

This phase is nested within the biological individual phase, characterized by eerebro- 
thalamic-reticular function, i.e. the onset and incipient development of the functioning 
structure of the CSB in the 20 to 28 week fetus, and then further elaboration in the late 
fetus, the newborn, the neonate, and the infant (especially during the first year after birth) 
This elaboration of the CSB is reflected by the initial development and expansion of 
informational processing components and behavioral characteristics of consciousness. 
These components include arousal, alerting, sleep-wake cycles, states of attention, 
environmental awareness, and consciousness, as well as concomitant EEG activity. The 
progressive development of the incipient CSB such as early learning (which begins in 
utero) indicates the augmentation and versatility during the molding of the neural 
command and control system, (i.e. the mid fetal stage; the infant stage). 

4.4. Person Phase 

This phase is nested within the human being phase, characterized by continued 
augmentation of the CSB resulting in self-recognition and conscious self-awareness 
(demonstrable by identification of the self in a mirror test and self-referential 
communicative behavior by means of language). These behavioral characteristics indicate 
the brain’s ability to model itself and its environment to achieve self-consciousness as 
well as the increasing capability of the CSB, at this phase, to be the global command 
system of the human organism controlling adaptive, entropy-reducing behavior. 
Therefore, these changes further exemplify the utility and uniqueness of the CSB 
illustrated by consciousness, self-consciousness, and symbol manipulation and its usage, 
(i.e. the 15-month-old child through the adult stages). 9 

Utilizing this framework of stages and phases of the life cycle of Homo sapiens we 
can consider this living system as undergoing a series of phase transformations. Each of 
the phases is alive. The aspects of the life during a specific phase can be described as 
having certain specific characteristics. For example, the most primitive organism phase 
is characterized by having cells, with a specific DNA compliment, as well as metabolism, 
self-maintenance, and reproduction. In the biological individual phase we must add 
cellular differentiation and the beginning of organogenesis (i.e. the circulatory system). 

Of paramount interest to us is the human being phase. In the onset of this phase the 
20 to 28-week old fetus starts to develop the structural-functional components if the 
brain. Developmentally it is from this time on that we may define the critical system of 
the human organism and apply the neurocentric definition of death. Brain death then 
becomes equated with the death of the human being phase of the human organism. Notice 
that death of the human being may occur in the mid fetal stage, prior to the development 
of the person phase. The transformation of the human being to the person does not occur 
until the development self-consciousness and self-referential level with the use of 
symbols for communication and language. This development occurs at about 15 months 
after birth of the human organism and can be tested for by the organism’s self-recognition 
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in a mirror, along with the ability to recognize the difference between self and 
environment. The human being has significant components of consciousness, but the 
person additionally has self-consciousness which is included in his or hers mastery of 
symbolic representation and communication. 9 ’ 31,46 

Note that death of human being phase must also include death of the person phase. 
However, death of the person phase once it has developed does not necessarily require 
death of the human being phase. The significance of this asymmetrical relationship will 
be apparent in discussing persistent vegetative states. 



5. THE ROLE OF CONSCIOUSNESS 

Our concept is that the brain (or more exactly the CSB) is the essential irreplaceable 
neurocentric mechanism that is the substrate of the conscious global organizing (entropy 
decreasing) behavior of the organism in the human being and the person phases of the 
organism. The criterion for this concept is the functioning state of consciousness in the 
human being phase. 

Plum and Posner 46 defined consciousness as “the state of awareness of self* and the 
environment.” Two physiological components control conscious behavior: arousal and 
awareness. 21,46-49 Arousal represents a group of behavioral changes that occurs when a 
person awakens from sleep or transits to a state of alertness. 22 “Normal consciousness 
requires arousal, autonomic-vegetative brain function subserved by ascending stimuli 
from the pontine tegmentum, posterior hypothalamus and thalamus that activate 
wakefulness.” 50 

Awareness, also known as content of consciousness, represents the sum of cognitive 
and affective mental functions, and denotes the knowledge of one's existence, and the 
recognition of the internal and external worlds. 21,46-50 

Plum 51 has recently defined not two but three components, subdividing the content of 
consciousness in two levels or components. According to this author, the second 
component or level, “which importantly regulates the sustained behavioral state function 
of affect, mood, attention, cognitive integration, and psychic energy (cathexis) depends 
on the integrity of the limbic structures including the hypothalamus, the basal forebrain, 
the amygdala, the hippocampal complex, the cingulun, and the septal area.” The limbic 
system is important for the homeostasis of the internal milieu, and hence the second 
component of consciousness is crucial for integrating affective, cognitive and vegetative 
functions. Plum considers the third component as the "cerebral level, along with the 
thalamus and basal ganglia.” This component is related to the processes of higher levels 
of perception, self-awareness, language, motor skill, and planning. Memory can be 
impaired by injury of either cerebral or limbic levels. 

Arousal depends on the integrity of physiological mechanisms that take their origin 
in the ascending reticular activating system (ARAS): “it originates in the upper brainstem 



* As previously noted and documented in reference 9, the development of environmental awareness occurs 
much earlier than self awareness. Self awareness begins to manifest itself in the child at about 15 months of 
age. Some investigators describe "explicit consciousness" as related to the formation of self representation, 
self awareness, and self consciousness. These function in relation to motor activity, prediction, and goal 
directed planning of behavior. In contrast to "explicit consciousness" is "implicit consciousness" which is 
more pervasive, primitive, more involved with environmental awareness and does not attain the higher levels 
of self awareness (references 67 and 68). 
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reticular core and projects through synaptic relays in the thalamus to the cerebral cortex, 
where it increases excitability.” 41 Moruzzi and Magoun, 52 in their pioneer studies, 
discovered “the presence in the brainstem of a system of ascending reticular relays, 
whose direct stimulation activates or desynchronizes the EEG, replacing high-voltage 
low waves with low voltage fast activity.” Nonetheless, Steriade et al . 41 have recently 
emphasized that this desynchronization related to wakefulness “is now more apparent 
than real,” because although large slow waves disappear during waking, the EEG shows 
high frequency oscillations (30-40 Hz), known as gamma oscillations, that reflect 
synchronized and enhanced intracortical and corticothalamic activity. Singer and Gray 53 
have argued that these fast rhythms of corticothalamic neurons, known as gamma 
oscillations, are probably implicated in synchronizing mechanisms that respond to 
different features of the same perceptual object, leading to several hypotheses of high 
cognitive mechanisms. 

Although initially the role of the mesencephalic reticular formation (MRF) and the 
thalamic intralaminar nuclei (ILN) was emphasized as simply mediating arousal, they are 
now considered as parts of integrating gating systems. Arousal is identified with the 
different functional states that characterize forebrain activation on the basis of brainstem 
modulation of corticothalamic systems, meanwhile Gating is formulated herein as a set of 
selective processes that may facilitate transient long-range interactions of large-scale 
brain networks. 44, 54 57 

Several authors have defended a present conception to identify the arousal system as 
interdependent on the output of cholinergic, serotoninergic, adrenergic and histaminergic 
nuclei located predominantly in the brainstem, basal forebrain, and posterior 
hypothalamus. Arousal is characterized with the different functional states related to 
forebrain activation on the basis of brainstem modulation of corticothalamic systems. 
Other researchers have tried to determine how necessary or sufficient different groups of 
arousal neuronal networks are, including the serotoninergic (median raphe) and 
noradrenergic (locus ceruleus) groups, concluding that any single group is 
indispensable. 55 " 57 Thus, “thalamo-cortical transmission may not be sufficient or even 
necessary to produce cortical activation.” 46 Therefore, it is reasonable that arousal is due 
to several ascending systems stimulating the cerebral cortex and thalamus in parallel. 21,22 

By discovering that the cerebral cortex is organized in vertical columns that 
represent functional units was crucial for further understanding of the functional 
organization of the brain. “The basic functional unit of the neocortex is a vertically 
oriented group of cells extending across the cellular layers and heavily interconnected in 
the vertical direction, sparsely so horizontally.” 46 At present there are arguments that the 
functional organization of the entire cerebral cortex is a complex of these vertical 
columns. Contiguous columns are interconnected by local circuits into “information- 
processing modules,” characterized by specific afferent and efferent connections with 
other modular units from other cortical and subcortical areas. 22,58,59 

It has been argued the brain operates in “parallel processing,” because cortical 
regions are linked in parallel networks with each other and with subcortical structures. 
Thus, a specific component of a certain cognitive function is scattered among 
interconnected regions, each one implicated in a distinct aspect of the cognitive 
ability. 22,60 ' 62 According to Feinberg, 46 one of the most remarkable peculiarities of the 
brain is “the seemingly enormous redundancy, parallelism, and distributiveness” of its 
connections. 
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The cerebral cortex and thalamus make up “a unified oscillatory machine” that 
exhibit spontaneous rhythms and that are conditional to behavioral state and vigilance . 46 
The brain uses spatiotemporally distributed systems to “capture high-order perceptual 
features .” 46,56,60 

Plum 51 has emphasized that the ARAS substantially and inseparably activates and 
integrates both the arousal and the cognitive aspects of human consciousness. He 
recognized a brainstem-diencephalic participation not only in arousal, but also in 
cognitive function. In lesions affecting thalamic-mesencephalic structures that comprise 
the. ARAS, the presence* of important cognitive and affective deficits can be found. 
Alterations in the cerebral cortex after severe damage restricted to mesencephalic- 
diencephalic activating systems have been reported. They reflect transneural 
degeneration, and suggest that these pathways not only activate the cerebral cortex but 
they also trophically influence cortical neurons . 21,48,49,51 Therefore, it can be concluded 
that we cannot simply differentiate and locate arousal as a function of the ARAS, and 
awareness as a function of the cerebral cortex. Substantial interconnections among the 
brainstem, subcortical structures and the neocortex, are essential for subserving and 
integrating both components of human consciousness . 21,46 " 49,51,60 ' 62 The above 
considerations lead one to conclude that there is no single anatomical place of the brain 
“necessary and sufficient for consciousness .” 61 

Machado 48,49 has recently argued that consciousness provides the most significant 
attributes that characterize human life, and it is the most integrative function of the body. 
Hence, it is reasonable to state that any vestige of consciousness is inconsistent with 
death. 

Consciousness and its components must be evaluated as prime indicators of brain 
function, specifically of the CSB. Thus, the CSB underlies consciousness globally and is 
considered as one of the key far-reaching controllers of behavior of the human being and 
the person phases of the human organism. When defining death within a given phase the 
development of the components of consciousness during that phase must be determined. 
The concept of death of the human being is irreversible cessation of function of the CSB. 
Since clear-cut isolation of the CSB is not feasible practically we will fall back on the 
whole brain concept (including the brain stem) as a first approximation in evaluating this 
neurocentric approach to death. Evaluating irreversible function of the brain as a whole 
(the operational brain) will automatically include irreversible cessation of the 
physiological substrate of the CSB. The criterion for the concept of intrinsic irreversible 
cessation of all brain function includes all relevant aspects of consciousness such as states 
of arousal, alerting, sleep-wake cycles, attention, and environmental awareness. Further 
tests of this criterion may include tests for respiration, ocular fixation, and EEG status. 
Tests of intracranial circulation are also of value . 21 

It should be made clear that somatic or systemic disintegration of the body does not 
necessarily immediately follow irreversible cessation of brain function! Many aspects of 
somatic integration are either independent of brain function or may be prolonged by 
appropriate replacement (i.e. hormonal) therapy . 1,9,20 This finding does not invalidate the 
concept of brain death. The organism (that is initially in the human being phase and 
subsequently in the person phase) primarily requires the functioning CSB and therefore 
components of consciousness (and subsequently self-consciousness and symbol 
manipulation) that are required to control behavior that is directed towards keeping 
entropy production of the system as a whole to a minimum. The other organ systems are 
secondarily involved and are not irreplaceable. 
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6. DEATH, BRAIN DEATH, PERSISTENT VEGETATIVE STATES, AND 
ANENCEPHALY 

We may now apply the concepts previously formulated to discuss the problems of 
death, brain death, persistent vegetative states and anencephaly as these apply to the 
human organism and the human being . 9 ’ 14 ' 16 ’ 21 ’ 46-49 ’ 63 

6.1. Death and brain death 

Death, generally, can be considered only in relationship to life. The cessation of life 
in a previously living system refers to a specific change of state. The key aspects of this 
change of state relates to a unicellular living organism which had the characteristics of 
being a dynamic far from equilibrium open system and contained mechanisms for 
autocatalytic self-maintenance, metabolism, and reproduction within a boundary; the 
system decreased its entropy production (maintaining and increasing its own organization 
at the expense of environmental energy). Death occurs with the irreversible cessation of 
this state. In more developed unicellular organisms that have compartments for separation 
of functions evaluation of death is the same but may be more complex. 

In multicellular organisms, the same definition may be also be used. However, if the 
system attains a sufficient degree of complexity, one must consider the organism as a 
whole, and its developmental phases in its entirety. Parts of the system may become 
irreversibly non-functional, but the organism as a whole may still be alive. That is, the 
system retains fundamental characteristics that will allow it to keep entropy production at 
a minimum. In such a system death of that phase of the organism can be equated with 
irreversible intrinsic cessation of the critical system of the organism if such an 
irreplaceable entropy reducing system exists. In the human being and person phases of 
the human organism the critical system is the brain or actually the CSB. Therefore death 
of the human being phase of the organism - Homo sapiens - is the advent of irreversible 
intrinsic cessation of the operation of the CSB - i.e. brain death. With irreversible 
cessation of the CSB both the human being and the person phase are dead. 

An illustrative case history has been presented in which a young woman was 22 
weeks pregnant and had become brain dead by appropriate criteria and tests. Her body 
was subsequently maintained using total resuscitation techniques including temperature 
maintenance and hormonal therapy, along with respiratory, nutritional, and 
environmental support. A normal 31 -week fetus was delivered by cesarean section. Then 
all resuscitation related to the brain dead mother was then stopped. Clearly the brain dead 
mother was maintained for many weeks to allow the living human being (in the mid-fetal 
stage) to have a better chance at survival. The mother, as a human being only died once. 63 

6.2. Persistent Vegetative State 

If only some aspects of the CSB are irreversibly non-functional and components are 
still functioning the person may be destroyed but the human being phase may still be 
alive. This is exemplified by patients in the persistent vegetative state (PVS). In persistent 
vegetative state (PVS) cases arousal is preserved (the PVS has periods of wakefulness), 
but awareness is seemingly is lost. Thus, in PVS there is an apparent dissociation of 
awareness from arousal. 1,48,49 It has been argued that “separate anatomic pathways 
mediate arousal and awareness, and that brain diseases can differentially affect each 




